The multi-functional protein c-Cbl is an important modulator of actin cytoskeletal dynamics in diverse biological systems. We had previously reported that c-Cbl facilitates cell spreading and adhesion and suppresses anchorage-independent growth of v-Abl-transformed fibroblasts. To assess the importance of membrane localization of c-Cbl for the observed effects of c-Cbl in v-Abl-3T3 cells, we first mapped the membrane interactive domain(s) of c-Cbl. Our studies indicate that localization of c-Cbl to the membrane is likely to be mediated by the tyrosine kinase binding (TKB) domain and the proline-rich region of c-Cbl, whereas C-terminal tyrosine phosphorylation does not play a role. The association of v-Cbl, which encompasses the TKB domain, with the membrane was unusual as it was not entirely dependent on SH2-phosphotyrosine interactions. Our studies further demonstrate that Src-like adaptor protein (SLAP), which binds to v-Cbl in a tyrosine phosphorylation-independent manner, facilitates membrane association of Cbl. The interaction between c-Cbl and SLAP in v-Abl-3T3 cells positively influenced c-Cbl-mediated spreading and adhesion of these cells. SLAP appears to exert its effects not simply by increasing the amount of c-Cbl in the membrane but by facilitating binding of p85-phosphatidylinositol-3-kinase (PI3K) with membrane-associated c-Cbl.
Introduction c-Cbl is a ubiquitously expressed multi-domain protein, containing the tyrosine kinase binding (TKB) and the RING finger domains, a proline-rich region, several tyrosine phosphorylation sites and a ubiquitin-associated domain. The presence of multiple interaction modules in c-Cbl underlies the versatility of its interactions and the influence of c-Cbl on a variety of biological processes (Schmidt and Dikic, 2005; Thien and Langdon, 2005; Swaminathan and Tsygankov, 2006) . c-Cbl is both an E3 ubiquitin ligase involved in the negative regulation of protein tyrosine kinases (PTK) (Levkowitz et al., , 2000 Miyake et al., 1999; Waterman et al., 1999; Rao et al., 2001; Yokouchi et al., 2001) and an adaptor protein involved in multiple biological phenomena, including cytoskeletal events (Tanaka et al., 1996; Ojaniemi et al., 1997; Meng and Lowell, 1998; Sanjay et al., 2001; Scaife et al., 2003a, b; Haglund et al., 2004) . In several instances, tyrosine phosphorylation of c-Cbl has been shown to be crucial for c-Cbl-mediated adaptor effects (Ojaniemi et al., 1997; Feshchenko et al., 1999; Sanjay et al., 2001 ).
An important biological effect of c-Cbl is suppression of transformation caused by oncogenic PTKs. In some cases, this is achieved by c-Cbl-mediated ubiquitylation and degradation of activated PTK Levkowitz et al., 2000; Howlett and Robbins, 2002) . In others, c-Cbl-mediated transformation reversal is mediated by the ability of c-Cbl to positively modulate cytoskeleton-dependent effects. We have previously shown that c-Cbl suppresses transformation of v-Ablexpressing NIH3T3 fibroblasts (v-Abl-3T3) by facilitating adhesion and spreading of these cells. This effect was dependent on tyrosine phosphorylation of c-Cbl and resultant recruitment of p85-phosphatidylinositol-3-kinase (PI3K) leading to activation of Rho-family GTPases, primarily Rac1. Furthermore, c-Cbl was found to promote migration of v-Abl-3T3 fibroblasts, which also requires interaction of c-Cbl with PI3K and activation of Rac1 (Feshchenko et al., 1999; Teckchandani et al., 2001 Teckchandani et al., , 2005b .
The interactions of c-Cbl with PI3K and other proteins, which lead to activation of small GTPases in v-Abl-3T3 cells, are likely to occur on the membrane. The presence of c-Cbl in various sub-cellular locations like membrane, actin cytoskeleton and microtubules is well documented (Hartley and Corvera, 1996; Ojaniemi et al., 1997; Scaife and Langdon, 2000; Teckchandani et al., 2005a) , and in several cases membrane recruitment of c-Cbl has been shown to be important for its biological effects Kimura et al., 2001) . However, the biological relevance of membrane association of c-Cbl in cytoskeletal events, like cell spreading, adhesion and migration, remains unclear. Therefore, we sought to assess the role of membrane localization of c-Cbl and interactions of membraneassociated c-Cbl in cytoskeleton-dependent effects of c-Cbl in v-Abl-3T3 cells.
Results
Nature of protein complexes formed by cytosolic and membrane c-Cbl in v-Abl-3T3 fibroblasts Our previous studies have shown that c-Cbl, a largely cytosolic protein, facilitates cytoskeletal phenomena in v-Abl-3T3 cells through its tyrosine phosphorylation, binding to p85-PI3K, CrkL and possibly Vav and activation of Rac1, which occur on the membrane. To analyse a link between the effects of c-Cbl and its subcellular distribution, we examined the cytosolic and membrane fractions of v-Abl-3T3 cells and demonstrated that B10% of total c-Cbl was present in the membrane fraction (Figure 1a and b) . We next examined the nature of protein complexes formed by membrane-associated c-Cbl, focusing on the association of c-Cbl with p85-PI3K, which is crucial for cytoskeletal effects of c-Cbl. Cells were stimulated with pervanadate or left unstimulated, and the interactions of c-Cbl with p85-PI3K were analysed by immunoprecipitation and immunoblotting. As expected, pervanadate treatment increased tyrosine phosphorylation of c-Cbl and its binding to p85, which is dependent on phosphorylation of Tyr-731 of c-Cbl. Notably, tyrosine phosphorylation of membrane c-Cbl was much higher than that of cytosolic c-Cbl in both unstimulated and stimulated cells. Consistent with an increase in tyrosine phosphorylation of membrane c-Cbl, p85-PI3K associated with membrane c-Cbl five-to six-fold better than with cytosolic c-Cbl in both unstimulated and stimulated cells (Figure 1c) , arguing that membrane association of c-Cbl is important for its function in v-Abl-3T3 cells.
Role of tyrosine phosphorylation of c-Cbl in its membrane localization We next determined if tyrosine phosphorylation of c-Cbl was a prerequisite for its membrane localization in v-Abl-3T3 cells by comparing the membrane distribution of wild-type and tyrosine phosphorylation-defective mutant c-Cbl (Figure 2a) . These results showed that the absence of C-terminal tyrosines did not affect membrane localization of c-Cbl (Figure 2b ). The results obtained using v-Abl-3T3 cells were confirmed in other cells, including COS-7 and NIH3T3. Pervanadate was used to increase phosphorylation, as v-Abl was not expressed in these cells. These experiments yielded results similar to those obtained using v-Abl-3T3 cells (Figure 2c and data not shown). These findings indicated that the lack of C-terminal tyrosine phosphorylation, which is crucial for the cytoskeletal events of c-Cbl in v-Abl-3T3 cells, does not preclude membrane association of c-Cbl, thus suggesting that this association is largely independent of tyrosine phosphorylation.
Mapping of membrane-interactive domains of c-Cbl
In order to delineate the domain(s) of c-Cbl, which mediates its membrane localization, we compared localization of wild-type c-Cbl with that of its truncation (Figure 2) . Furthermore, the removal of the proline-rich region of c-Cbl along with the C-terminal tyrosines (480-Cbl) did not abolish membrane distribution of c-Cbl. Moreover, v-Cbl, which retains only the TKB domain, showed a higher level of membrane association than any longer form of c-Cbl did. At the same time, (358-906)-Cbl, which includes all the domains except TKB, was also present on the membrane (Figure 3b and c) . Binding of (358-906)-Cbl to the membrane is likely being mediated by the prolinerich region of c-Cbl. Together, these studies suggest that multiple sites of c-Cbl are involved in its membranebinding. The TKB domain and the proline-rich region of c-Cbl are likely candidates, whereas C-terminal tyrosine phosphorylation does not play a role.
Although v-Cbl has an SH2-like domain, which can bind to activated PTKs, its membrane association may be explained by binding to membrane-bound PTKs. To test this hypothesis, we examined the membrane distribution of G306E v-Cbl, in which the SH2-like domain is inactivated. Although G306E v-Cbl localized to the membrane less than v-Cbl did, its membrane localization remained profound, indicating that it is not mediated solely by TKB-phosphotyrosine interactions. This conclusion was validated by the lack of a significant effect of pervanadate on membrane association of either v-Cbl or G306E v-Cbl (Figure 3b and c) . 
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Effect of Src-like adaptor protein on membrane association of Cbl The unusual manner of binding of v-Cbl to the membrane facilitated our search for proteins, which would bind to the TKB domain of c-Cbl in a phosphotyrosine-independent fashion and facilitate its membrane localization. It has been shown previously that Src-like adaptor protein (SLAP), a ubiquitously expressed, membrane-associated, SH2-and SH3-containing adaptor, binds to the N-terminus of Cbl in a TKB/phosphotyrosine-independent manner (Pandey et al., 1995; Tang et al., 1999; Manes et al., 2000) . The c-Cbl-binding region was mapped to the C-terminal portion of SLAP. Therefore, we considered the possibility of SLAP being a facilitator of membrane localization of c-Cbl. We confirmed association between SLAP and c-Cbl using co-immunoprecipitation ( Figure 4a ) and demonstrated that v-Cbl, corresponding to the TKB domain, was sufficient for this association and that this association was not abolished by inactivation of the SH2-like domain ( Figure 4b ). Furthermore, we found a substantial increase in the amounts of both c-Cbl and G306E v-Cbl localized to the membrane when they were over-expressed with SLAP in COS-7 cells (Figure 4c and d), thus demonstrating that SLAP functions as a membrane anchor for c-Cbl.
We next analysed the effect of the myristoylation and C-terminal deletion mutants of SLAP (G2A SLAP and DC SLAP, respectively) on membrane localization of Cbl (Figure 4e ). Although both wild-type SLAP and DC SLAP are present exclusively in the membrane fraction, G2A SLAP showed redistribution to the cytoplasm (B75%) (Figure 4f ). We reasoned that neither mutant should enhance membrane association of c-Cbl: G2A SLAP by virtue of being primarily cytosolic and DC SLAP because of its inability to bind Cbl. Indeed, co-overexpression of G306E v-Cbl with neither G2A SLAP nor DC SLAP increased its membrane binding (Figure 4g ).
SLAP enhances c-Cbl-mediated cytoskeletal effects
To determine if SLAP influenced c-Cbl-mediated effects in v-Abl-3T3 fibroblasts, we transduced v-Abl-3T3 cells expressing ectopic c-Cbl to express ectopic SLAP and compared spreading, adhesion and migration of these cells with those of v-Abl-3T3 fibroblasts expressing ectopic c-Cbl alone. Expression of FLAG-tagged SLAP was confirmed using anti-FLAG immunoblotting, and the total amount of SLAP in transduced cells was at least two-fold higher than its endogenous level as demonstrated by anti-SLAP immunoblotting (Figure 5a ). Co-immunoprecipitation confirmed association of SLAP with c-Cbl in v-Abl-3T3 cells (Figure 5b ). Expression of ectopic SLAP caused a significant increase in spreading of v-Abl-3T3 cells expressing ectopic c-Cbl on fibronectin (FN)-coated surfaces (Figure 5c and d) . Likewise, ectopic SLAP increased basal migration of these cells, although no significant difference in migration in response to serum was seen (Figure 5e ).
c-Cbl-mediated spreading of v-Abl-3T3 fibroblasts increases FN deposition, which in turn enhances adhesion of these cells in culture (Teckchandani et al., 2001) . Consistent with these results, cells coexpressing c-Cbl and SLAP displayed increased adhesion in the absence of FN pre-coating over v-Abl-3T3 cells with c-Cbl alone, whereas demonstrating no discernable difference on FN-coated surfaces (data not shown). Taken together, our data indicated that SLAP facilitates c-Cbl-mediated spreading, adhesion and migration of v-Abl-3T3 fibroblasts.
To verify the results obtained using ectopic SLAP, we depleted endogenous SLAP in v-Abl-3T3 cells expressing ectopic c-Cbl and analysed the effect of this depletion on c-Cbl-mediated cell spreading. A modest (B50%) decrease in the level of SLAP (Figure 6a ) caused a significant decrease in spreading (Figure 6b) , thereby substantiating the results obtained using ectopic SLAP expression (Figure 5a and d) .
Functional cooperation between SLAP and c-Cbl is required for SLAP-facilitated increase in cell spreading and adhesion SLAP interacts with multiple proteins, including Vav and several PTKs (Roche et al., 1998; Tang et al., 1999; Sosinowski et al., 2000) . Some of these proteins have been implicated in the regulation of cytoskeletal events. Therefore, we next determined whether SLAP acts on cytoskeleton-dependent events independently of or in concert with c-Cbl. First, we expressed SLAP in v-Abl-3T3 fibroblasts in the absence of ectopic c-Cbl and examined its effect. Unlike ectopic c-Cbl, ectopic SLAP facilitated neither spreading nor adhesion of v-Abl-3T3 cells (data not shown). The failure of SLAP to exert this effect when expressed alone was in contrast to its effect when coexpressed with c-Cbl (Figure 5d and e) .
Second, we examined the influence of DC SLAP on c-Cbl-mediated effects. The expression of DC SLAP was comparable to that of wild-type SLAP (Figure 7a ), but the lack of the C-terminus greatly reduced its binding to c-Cbl (Figure 7b ). (The residual binding was likely mediated by the SH3 domain.) In agreement with this difference, wild-type SLAP increased cell spreading Bthree-fold, whereas DC SLAP exerted no effect (Figure 7c) . Furthermore, v-Abl-3T3 cells expressing ectopic wild-type c-Cbl along with DC SLAP displayed decreased adhesion in culture compared with v-Abl-3T3 cells expressing ectopic c-Cbl either alone or with wildtype SLAP, suggesting that DC SLAP exerts a dominant-negative effect (Figure 7d ). These results indicated that SLAP has to cooperate with c-Cbl to exhibit its effects.
The effects of G2A SLAP on v-Abl-3T3 cells were also studied and found to be comparable to those of wild-type SLAP (Figure 7c and d) . This was not surprising, considering that a substantial portion of G2A SLAP is present on the membrane and its interaction with c-Cbl is not compromised. Likewise, expression of wild-type and G2A SLAP, but not DC SLAP, increased chemoattractant-independent migration of v-Abl-3T3 fibroblasts expressing ectopic c-Cbl (data not shown).
Mechanism of SLAP-facilitated upregulation of c-Cbl-mediated cytoskeletal events
We next attempted to elucidate the molecular mechanism of the observed effects of SLAP, considering that SLAP might act by simply increasing association of c-Cbl with the membrane or by juxtaposing c-Cbl with proteins involved in signaling. To determine whether the effects of SLAP could be attributed to increasing the amount of membrane-bound c-Cbl, we expressed c-Cbl-CAAX, which is capable of becoming farnesylated, in v-Abl-transformed fibroblasts. c-Cbl-CAAX was present only in the membrane fraction, as expected, but failed to exert effects characteristic of wild-type cCbl. Similarly, N-Myr c-Cbl, a myristoylated membrane-targeted form, exerted no effect (Supplementary Figure S1) . These results indicated that targeting of cCbl to the membrane alone is not sufficient for the effects caused by coexpression of c-Cbl and SLAP.
To further investigate the molecular basis of the effects of SLAP, we focused our attention on the role of SLAP in c-Cbl-p85-binding, because the causal link between cytoskeletal effects of c-Cbl and PI3K has been 
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SLAP enhances c-Cbl-mediated cell spreading and adhesion G Swaminathan et al firmly established (Teckchandani et al., 2001 (Teckchandani et al., , 2005b and because the p85-PI3K:c-Cbl ratio is higher for membrane-associated c-Cbl than for cytosolic c-Cbl (Figure 1c) . We immunoprecipitated c-Cbl from v-Abl-3T3 cells expressing ectopic c-Cbl with or without ectopic SLAP and immunoblotted the obtained immune complexes for p85. Our results indicated that the amount of p85 bound to c-Cbl was increased two-to threefold in the presence of SLAP (Figure 8a ). This increase was specific for membrane-associated c-Cbl, as the stoichiometry of p85:cytosolic c-Cbl showed no dependence on ectopic SLAP (Figure 8b ). These results also revealed that SLAP co-precipitates with c-Cbl and p85 (Figure 8c ). This can be owing to direct binding of SLAP to p85 or indirect interaction between SLAP and p85 mediated by c-Cbl. Further experiments are required to clarify this issue. It is, however, clear that interaction of c-Cbl with p85 in the membrane is enhanced by SLAP.
Taken together, the results obtained using membranetargeted forms of c-Cbl and analysing c-Cbl-p85 association support the premise that SLAP acts by facilitating interaction of c-Cbl with proteins, which are involved in c-Cbl-mediated signaling that promotes cytoskeletal events in v-Abl-3T3 fibroblasts, and not just by increasing the amount of c-Cbl in the membrane.
Discussion
In the present study, we have endeavored to understand the role of membrane localization of c-Cbl and interactions of membrane-associated c-Cbl in c-Cblmediated cytoskeletal events. Our results indicate that a small but significant fraction of c-Cbl is constitutively bound to the membrane. This fraction is more tyrosinephosphorylated and binds p85-PI3K with a higher stoichiometry compared with cytosolic c-Cbl (Figure 1) . Tyrosine phosphorylation of c-Cbl and interaction of c-Cbl with PI3K are indispensable for c-Cbl-dependent signaling that leads to cytoskeletal effects in v-Abl-3T3 fibroblasts (Feshchenko et al., 1999; Teckchandani et al., 2001 Teckchandani et al., , 2005b . Furthermore, functions of PI3K and several proteins that may act downstream of c-Cbl in this system have been shown to require their membrane localization (Abassi and Vuori, 2002; Innocenti et al., 2003; Arthur et al., 2004) . Together, these findings suggested that tyrosine phosphorylation of c-Cbl may play a role in mediating its membrane SLAP enhances c-Cbl-mediated cell spreading and adhesion G Swaminathan et al localization in v-Abl-3T3 cells. However, we have shown that membrane association of c-Cbl is largely independent of tyrosine phosphorylation (Figures 2 and 3) . Considering the presence of multiple interactive domains in c-Cbl, we systematically mapped its membrane-interactive sites. This analysis has revealed two characteristic aspects of the membrane interaction of c-Cbl. First, this interaction is mediated by at least two binding sites of c-Cbl, namely, the TKB domain and the proline-rich region. Second, the membrane interaction of c-Cbl-mediated by TKB is atypical, as it does not require an intact SH2-like domain of c-Cbl (Figure 3) . The involvement of the proline-rich region of c-Cbl in its membrane association was not surprising, as many membrane-associated proteins contain SH3 domains and as this region has been shown to influence localization of c-Cbl to actin cytoskeleton in fibroblasts (Scaife and Langdon, 2000; Scaife et al., 2003a) and to lipid rafts in adipocytes and neurites Kimura et al., 2001; Haglund et al., 2004) . However, the TKB domain of c-Cbl bound to the membrane in a phosphotyrosine-independent fashion, thus prompting us to search for proteins that could mediate this atypical binding. SLAP was a good candidate having been identified as a binding partner of c-Cbl TKB-independent of tyrosine phosphorylation. Furthermore, SLAP is myristoylated and binds to the membrane (Tang et al., 1999; Manes et al., 2000) . Binding of SLAP with c-Cbl was confirmed to be independent of the SH2-type TKB interactions and to enhance membrane association of c-Cbl (Figure 4) .
The ability of SLAP to anchor c-Cbl in the membrane argued that SLAP is likely to modulate the effects of c-Cbl on cytoskeletal events in v-Abl-3T3 cells. Indeed, our results indicated that interaction between SLAP and c-Cbl enhances spreading of v-Abl-3T3 cells on FN-coated surfaces (Figure 5c and d) . Consistent with the role that cell spreading plays in adhesion of v-Abl-3T3 fibroblasts (Feshchenko et al., 1999; Teckchandani et al., 2001) , expression of ectopic SLAP increased adhesion of v-Abl-3T3 cells expressing ectopic c-Cbl in the absence of FN pre-coating (Figure 7d and data not shown). In agreement with these findings, siRNA-mediated depletion of endogenous SLAP in v-Abl-3T3 cells expressing ectopic SLAP enhances c-Cbl-mediated cell spreading and adhesion G Swaminathan et al c-Cbl resulted in a significant decrease in cell spreading ( Figure 6 ). Furthermore, SLAP increased c-Cblmediated migration of v-Abl-3T3 cells, which was especially noticeable in the absence of chemoattractants (Figure 5e ). Together, these results indicate that SLAP facilitates c-Cbl-mediated cytoskeleton-dependent events in v-Abl-3T3 cells.
The failure of overexpressed SLAP to affect either spreading or adhesion of v-Abl-3T3 cells that do not express ectopic c-Cbl (data not shown) as well as the functional deficiency of DC SLAP, which exhibits impaired binding to c-Cbl (Figure 7) , indicate that the interaction of SLAP with c-Cbl is essential for the ability of SLAP to functionally cooperate with c-Cbl. Our further studies have argued that SLAP acts not simply by increasing the amount of c-Cbl in the membrane fraction, but by facilitating interactions of membraneassociated c-Cbl with p85-PI3K, an essential element of c-Cbl-dependent signaling that regulates cytoskeletal events (Figure 8 and Figure S1 ). In summary, our findings support the following model of functional interactions between SLAP and c-Cbl (Figure 9 ). First, SLAP binds to c-Cbl independently of the tyrosine phosphorylation status of c-Cbl, thus facilitating association of a fraction of c-Cbl to the membrane. (Notably, c-Cbl is likely to bind to membrane proteins other than SLAP, and therefore the contribution of SLAP to the membrane association of c-Cbl remains to be elucidated.) It is known that c-Cbl is readily phosphorylated on tyrosine by PTKs activated through extra-cellular signals or by oncogenic PTKs, such as v-Abl. Our current results demonstrate that tyrosine phosphorylation of membrane-associated c-Cbl is especially high (Figure 1 ), in agreement with the membrane localization of v-Abl. Tyrosine-phosphorylated c-Cbl recruits p85-PI3K and other signaling proteins, thus triggering downstream signal transduction resulting inactivation of small GTPases, including Rac1 (Feshchenko et al., 1999; Teckchandani et al., 2001 ). It appears that an increase in association of c-Cbl with p85-PI3K is an essential part of the effect of SLAP on c-Cbldependent cytoskeletal events. This effect of SLAP may be mediated by the recruitment of tyrosine-phosphorylated p85-PI3K to the SH2 domain of SLAP, which would elevate the local concentration of p85-PI3K in the vicinity of c-Cbl and, hence, result in an increase in the amount of the c-Cbl-p85 complex. In this scenario, SLAP 'fetches' p85 and 'hands it over' to c-Cbl. Alternatively, SLAP may simultaneously form a complex with c-Cbl and p85, thus stabilizing the c-Cbl-p85 interaction. Membrane fraction was solubilized in 2% ODG, and both fractions were subjected to immunoprecipitation with anti-c-Cbl (aC) or normal rabbit IgG (Nr) and analysed using WB. The p85:c-Cbl ratios are indicated. (The ratio for cytosolic c-Cbl in vector control cells -pCEIII -was assigned a value of 1.0.) (c) Lysates of cells analysed in (a and b) were subjected to immunoprecipitation with anti-FLAG agarose followed by WB. The result of a representative experiment from a total of at least two independent experiments is shown for each panel.
Furthermore, SLAP may also facilitate interactions of c-Cbl with other signaling proteins that are involved in the effects of c-Cbl, such as CrkL and Vav. These proteins, like p85, bind to tyrosine phosphorylation sites of c-Cbl and become tyrosine-phosphorylated, thus acquiring the ability to bind to SH2 domains, including that of SLAP. The involvement of multiple c-Cblinteracting proteins would have regulatory consequences, as changes in the composition of c-Cbl complexes may modify the biological outcome of c-Cbl-mediated signaling. Another potential regulatory mechanism in this system may be based on disruption of the c-Cbl-SLAP complex by proteins capable of binding to the C-terminus of SLAP. Identification of such proteins and analysis of their biological effects is therefore of considerable importance.
To sum up, our results suggest that SLAP serves as an adaptor that facilitates membrane localization of c-Cbl and, more importantly, interactions of membraneassociated c-Cbl with proteins involved in signal transduction, which leads to cytoskeletal rearrangements in v-Abl-transformed fibroblasts. Although the interaction between c-Cbl and SLAP does not appear to be essential for the cytoskeleton-dependent effects of c-Cbl, SLAP is a potent positive regulator of these effects.
Materials and methods
A detailed description of Materials and methods is given in Supplementary Information. Cells v-Abl-3T3 cells expressing various forms of c-Cbl have been described (Feshchenko et al., 1999) . Jurkat and COS-7 cell lines were obtained from American Type Culture Collection (ATCC). Cells were grown and stimulated with pervanadate, where indicated, as described previously (Feshchenko et al., 1998 (Feshchenko et al., , 1999 . COS-7 cells were transfected using DMRIE-C reagent (Invitrogen/Life Technologies, Carlsbad, CA, USA) with an efficiency of B75%, as determined using co-transfection with an expression plasmid encoding for green fluorescent protein. siRNA (Ambion, Austin, TX, USA) was transfected using X-treme reagent (Roche, Indianapolis, IN, USA) .
DNA constructs and mutagenesis
The Jurkat SLAP polymerase chain reaction (PCR) product was inserted into pAlter-MAX vector (Invitrogen/Life Technologies). The deletion of the C-terminus of SLAP (amino acids 214-276) was performed as described in Wang and Wilkinson (2001) . The G2A mutant was obtained using the single primer method (Marakova et al., 2000) . All clones were verified by sequencing on both DNA strands. All SLAP coding sequences are FLAG-tagged. Stable expression of SLAP and its mutants was achieved using a lentiviral system (Hasham and Tsygankov, 2004) .
Expression plasmids for c-Cbl have been described previously (Feshchenko et al., 1999; Teckchandani et al., 2001) . HA-c-Cbl-CAAX was obtained by in-frame insertion of the farnesylation sequence of H-Ras, CMSCKCVLS, after the stop codon of c-Cbl. HA-N-Myr c-Cbl was made by inserting the c-Src myristoylation site, MGSSKSKPKDPSQRA, in the N-terminus of c-Cbl in-frame before the start codon.
Sub-cellular fractionation COS-7 cells were harvested 48 h after transfection and fractionated as described (Hartley and Corvera, 1996) . Briefly, post-nuclear supernatant was centrifuged at 100 000 g for 50 min at 41C, and the supernatant and the pellet were considered the cytosolic and the membrane fractions, respectively. The membrane pellet was solubilized using sodium dodecyl sulphate (SDS) sample buffer. The volume of the cytosolic fraction was 8.3 times higher than that of the membrane fraction. Equal volumes of each fraction were subjected to SDS-PAGE and immunoblotting. The amounts of proteins detected in the analysed aliquots were quantified and multiplied by the corresponding fraction volume to determine their total amounts in each fraction.
Immunoprecipitation and immunoblotting
Immunoprecipitation and immunoblotting were carried out as described previously (Feshchenko et al., 1998) . For immunoprecipitation of c-Cbl from sub-cellular fractions, the membrane pellet obtained by ultracentrifugation, was solubilized using 2% octyl D-glucoside (ODG) lysis buffer. An appropriate volume of concentrated ODG lysis buffer was added to the cytosolic fraction to have the same detergent concentration as the membrane fraction.
Cell assays
To assess spreading, cells were plated at 20-30% confluency, in duplicate, on FN-coated plates. Phase-contrast images of live cells were taken, and the area covered by the cells was measured using Photoshop. At least 80 cells were analysed per cell type. A cell was considered spread when its area was at least twofold greater than the average area of a round cell. To assess adhesion, cells were plated in duplicate in 12-well tissue culture plates. Non-adherent and loosely attached cells were removed, and adherent cells were detached using a cell stripper (Mediatech, Herndon, VA, USA). All cells were counted in a haemocytometer. Cell migration assays were carried out using a modified Boyden chamber (Teckchandani et al., 2005b) . Briefly, cells were resuspended in Dulbacco's modifed Eagle's medium (DMEM) containing 0.2% fatty acid-free bovine serum albumin and added to the upper wells. Serum diluted in DMEM (10%) was added to the lower wells. The cells were allowed to migrate for 10 h at 371C. Each condition was analysed in duplicate and three-individual fields were counted using Image Pro (Media Cybernetics, Silver Springs, MD, USA).
Statistical analysis of data
Statistical analysis of data was carried out using GraphPad Prism (GraphPad, San Diego, CA, USA).
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